International Symposium

Qualification of dynamic analyses of dams and their equipments
and of probabilistic seismic hazard assessment in Europe

31th August — 2nd September 2016 — Saint-Malo

comité francais
des barrages
et réservoirs

AFPS Working Group
o Fenpimentoton o g Sl . Grigoratos, C. Beauval, PY. Bard, M. Belvaux

——

Session 1: Qualification of Probabilistic Seismic Hazard Assessment

% Saint-Malo © Yannick LE GAL




SUMMARY

1.CONTEXT
The SHARE project
Comparison with seismic zonation map for France
The scope

2.ANALYSIS OF SHARE MODEL HYPOTHESIS
SHARE logic tree
On GMPEs
On source models
On zonation
On activity parameters
On Mmax

3.SENSITIVITY STUDY
On M., and M,
Uncertainty on earthquake recurrence

PSHA SHARE results for France | 2016



fl ’ ¥
§HM / & |G HAZARD HARMONIZATION IN EUROPE

= Time-independant hazard
model for Europe

Peak Ground Acceleration
for a return period of 475 yrs

e forreturn periods 73 to
4975 years

* forspectral periods up to 4s

(Woessner et al. 2013)

= Reference model for the
revision of the EC for seismic

Peak Ground Acceleration [g]
10% Exceedance Probability in 50 years

design of building Ty C——

=  Software OpenQuake (GEV

= Documentation

. DeIiverabIes,ShapefiI
Input files (www.efehr.org)

(Many key information missing)

Peak Ground Acceleration [g]
10% Exceedance Probability in 50 years
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Regulatory seismic zonation

(National Decrees No. 2010-1254 and 2010-1255)

=t :.-Aiéa sismique de la France

Aléa Mouvement du sol

trés faible accélération < 0.7 m/s?

faible 0.7 m/s? < accélération < 1.1 m/s?
modéré | 1.1 m/s? < accélération < 1.6 m/s?
moyen 1.6 m/s? < accélération < 3.0 m/s?
fort accélération > 3.0 m/s?

= Parts of the Alps and Pyrenees are
classified in “medium” hazard level

 + Guadeloupe, Martinique
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PSHA maps: PGA,;5

MEDD (2002) SHARE (2013)
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SHARE
475 MEDD(2002)

ratios PGA

T=475yr T=2475 yr

2500 T T 2000 T T
-- p1l5% = 0.390 j -- p1l5% = 0.524
— p50% = 0.493 : — p50% =0.735
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about 50% lower about 25% lower
%.O 0.5 1.0 1.5 2.0 2.5 3.0 %.O 0.5 1.0 1.5 2.0 2.5 3.0
ratio ratio
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The scope

= |dentify, understand and analyse the assumptions, methods and
final decisions, that produced the SHARE PSHA results in France.

= Quantify some uncertainties on the seismic source model that
SHARE did not take into account

Within the framework of an AFPS Working Group for SHARE results in France
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P S H A Probability of EQ
occurrence (G-R curves)

¥ ! . Ohserva-tians H H
1) Source model » —gmsiow | Characterisation of
{ e E seismic activity: a and b
v : 3 4 5 ] l 7 8

4B - . magnitude m

45

% el ST .
2) Ground motion oS
predictionmodel |

nns 01 ' ns
Spectral Period (sec)

Uniform Hazard Spectrum
(at a specific return period and site)

Probability of ground
motion occurrence

PGA [cm/s’]
=

0.1 ———— T E S 7V IS St i o L
10 100 1000
Rrup [Km]
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SHARE logic tree - epistemic uncertainties

Source models
Ground motion prediction models

Area
mean model

/

Area + Faults o

Smoothed 5 models for
seismicity 4 models for stable regions

mean model active regions

+* No uncertainty propagated
on these mean models
(asforex.a, b, M, h)

/7

%* Uncertainty extensively taken into account and
propagatedin a complete way
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Output of SHARE logic tree

Mean & fractiles

0.85 Fractile
N[ Mean
- W\ .. 0.15 Fractile

c
i)
®
—
L
[:]
o
Q
)

s Fractiles are mostly representative
of uncertainties on the prediction of
ground shaking, and not much on
the source model

Spectral Period (sec])

Uniform Hazard Spectrum
(at a specific return period and site)
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Hypothesis on GMPEs

The whole Europe was divided into 6 major tectonic “superzones”

Akkar & Bommer (2010) (.35

o e S e /- Cauzzi & Faccioli (2008) ¢ 35
- \ Active | :
sy Zhao et al. (2006)

0.1
Chiou & Youngs (2008) g 5

Akkar & Bommer (2010) 0.2
Cauzzi & Faccioli (2008) 0.2
-| Stable } Chiou & Youngs (2008) 0.2
Champbell et al (2003) =« 0.2
Toro et al (2002) 0.2

a
Beige: SCR continental crust; blu

areas; burgundy: ASCR extensio X
crust; red circle: active volcanos (

Delavaud et al. (2012)
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Hypothesis on source model

Area Source

Area source
(AS)

Fault Source -
-~

Background +
Fault source

(FSBG)
Backgroand Zohe : K ern eI
N smoothing
Kernel Smoothing (S EI FA)
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Hypothesis on zoning

T T
51 T ]
faults | sof ]
areas
49 g
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* The choice of zoning is decisive for the PSHA

Only a subset of faults (activity criteria) => limited influence for T = 475 yrs
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Hypothesis on activity parameters

In each source zone, SHARE developed a

Gutenberg-Richter curve, based on the 0 ———

SHEEC earthquake catalog (years 1000-2007) - B4 OO
+» Stucchi et al. (2013) ; Grinthal et al. (2013) —

slopeb

Seismic activity characterised by a and b:

annual rate 2 m
=

4 5 6 7 8
magnitude m

Log N(m)=a-bm

Higher b-values indicate
more small events

relative to large events.
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Hypothesis on activity parameters

Number of events used to Few data because the quite
derive G-R parameters high M_., of completeness

As a result, most of the a, b-values have been fixed (expert opinion)
and may be questioned
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Hypothesis on activity parameters

5

i

Actual fitting of data .~ R
onlyin 3 zones ! = -

As a result, the uncertainty related to the recurrence parameters
is not propagated.
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Hypothesis on M

Max

= M., = maximum magnitude that may occurin a region

(Deliverable 5.5) ,
| Mmax | | Weights
 Arge Pimax 6.5 p— 0.5
Mobs+Unc distribution
’ 6.7 — 0.2
SCRs value from anchored to the
6.9 — .2
all the largest
7.1 p— .1
superzones Mobs+Unc
"superzones”
Minimum Mobs —
b Active regions Mobsiting = Mobs+Unc in the Mobs + 0.2 = (0.2
6.6 superzones Mobs + 0.4 = (.2
' Mobs + 0.6 = (.1 @

earthquake 12/5/1682

6.5,6.7,6.9, 7.1 e
6.5,6.7,6.9, 7.1 earthﬁ/l“:a;g 13{2/1692
6.8,7.0,7.2, 7.4 earth&ggfjj&/gél%o
6.9,7.1,7.3,7.5 ea”hﬂ/‘ljza;z 1%/;%/1356

earthquake 23/2/1887

6.9,71,7.3,75

M=6.6 +0.3 |




Treatment of uncertainty on M

Max

= |Instead of a node in the logic tree, a mean recurrence curve was applied,
(weighted combination of the 4 recurrence curves)

recurrence curve - example source FRAS113
T T

10'15 T T T E
| - | | Mo, | weight
E10‘3- \\\Q\ E
5 TSs 5 6.9 0.5
° N NN b
2 r AN ]
O DR |
Ewf O 7.1 0.2
g NN \\
g AN
N 7.3 0.2
© E ' \E
: i ! 1
6 | 7.5 0.1
10°F 3
10-74.5 5: 5?5 tls srs I7 75

Magnitude M
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Sensitivityon M _..and M___

" Uncertaintyon M,

m

M,,;,= 4.0 instead of 4.6
1 Include the contribution
7 of lower magnitudes

annual rate ofeq >

m

I i i i I I i i I I i i i I I
4 42 44 4B 43 5 52 54 55 58 6 B2 64 BB 68 7
magnitude m

annual rate of eq >

Uncertaintyon M,

46<m<70 \

e

I i 1 i I I i 1 i | 1 i I i
4 42 44 46 48 5 52 54 56 585 6 62 B4 BE 6§ 7
magnitude m

We decrease the
M., by 0.6

annual rate of eq >=m

1 I i i 1 1 1 i i 1 1 1 i i 1
4 42 44 46 485 5 52 54 66 BB 6 B2 B4 66 6B T
magnitude m
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Sensitivity on M _

M., reduced by 0.6

~and M
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Sensitivityon M .. M

Even for return period = 4975 yrs, the underestimation of hazard,
when reducing M__. by 0.6, never exceeds 0.05g, neither for PGA
nor for SA(1s).

maXx

Although generally the M., draws more attentionthanthe M.,
it seems that for France the choice of M_ ;. is more crucial than the
choiceof M ,,, for return periods < 5000 yrs and low spectral
periods (T < 0.3s).
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Alternative EQ recurrence modeling

= Gobackto the original SHARE earthquake catalog (=SHEEC) and derive
recurrence parameters with associated uncertainties

SHARE expert fitting Weichert, b=0.98, STD,=0.16
| | | . . : | | | : :—W;ichert: mean:
® Cumulative rates _ ——=bh+ STDb
o'l ;_SHARE.S_ expert fitting| - ~—-b-STD,
: : : : ] ® Cumulative rates
£ £ I
g 10° E 107
~zonewith . o |
10°F 19 events ] 0%k ;\\“s
B B 41 4 4 i B8 B B i - 3_i9 - 4_ig 5_i1 8 B

magnitude m magnitude m

Two recurrence models are defined: a upper and lower bound.
The seismic hazard can now be provided with associated uncertainties.
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Uncertainty on EQ recurrence

Lourdes UHS 475 yrs PGA 475 yrs for 4 cities

EHARE, AS
SHEEC, upper bound
SHEEC, lower bound
SHEEC, upper bound
Sl-Hex, upper bound
Sl-Hax. maan
Sl-Hex. lower bound

. . B SHEEC b + STD
1 ] e W posl
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The upper and lower bounds highlight the variability of the results (up to 50%),

specifically in regions of low seismicity where data can very scarce.
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Several SHARE input errors
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Main conclusions

= Analysis of SHARE source model:
Inconsistenciesin SHARE’s input files lead to 10% larger PGA,- for France

SHARE’s catalog provides too few data to derive G-R parameters
SHARE’s earthquake recurrence model strongly relies on expert opinion

Impact on hazard of uncertainties related to the source model for France

(PGA, 475yr):
taking into account the uncertainty on b-value: up to 50%

|

The uncertainties on the seismic source model should ALWAYS be quantified and
their impact on the hazard should be estimated.

* magnitude M_,..: up to 50%
* magnitudeM,.,: up to 7%

Range of uncertainties

e

3

probability

v

level of seismic hazard
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